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ABSTRACT  
 
     National Health Information Network (NHIN) is a network in which all healthcare organizations, 
government agencies and other health-related organizations are connected to each other in order to exchange 
information about health. Due to the necessity of a framework for NHIN development, in this paper, 
according to the literature review, a definition for NHIN framework was provided, and then the NHIN- 
related projects were reviewed in the United States of America (USA) and the United Kingdom (UK), NHIN 
and National Program for Information Technology in the NHS (NPfIT), respectively. The Review of NHIN 
framework in the countries studied show some similarities and differences in each dimension that are 
discussed in this framework. NHIN guiding principles in the NHS NPfIT were not regarded or were 
considered incomplete, compared to the US. NHIN architecture in the US is decentralized while it is 
centralized in the UK. Based on the review of NHIN framework, these two countries represent important 
points that can be used in many other countries. However, it can be said that the development of NHIN not 
only means the implementation of national system or systems, or the binding of local health information 
systems, but it also needs to build on a framework in which many of the issues related to the formation of 
NHIN would be considered, including the cooperation between government, private sector and stakeholders 
with regard to local, national and international needs. 
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INTRODUCTION 
     National Health Information Network (NHIN) 
is a network in which all healthcare organizations, 
government agencies, other health-related 
organizations and health plans are connected to 
each other in order to exchange information 
regarding health [1-5]. In fact, NHIN is a network 
of networks created by the connection of public 
and private sectors involved in the field of health. 
Using this network, patients’ information can be 
detected anywhere in the healthcare delivery 
system. In addition, information will be available 
for the purposes of healthcare system decision-
making process, treatment process and public 
health [6]. Creation of Electronic Health Record 
(EHR) also depends on complete implementation 
of the network [7]. By creating databases of 
patient data, this network can accelerate medical 
studies and researches [8]. In total, it is expected 
that NHIN collects health data from multiple 
systems, sharing them among all stakeholders so 
that different audiences in the health sector can be 
able to use them logically. Ultimately it leads to 
the promotion of public health [9-10]. It is clear 
that achieving the ultimate goal of health 
promotion and benefits of launching NHIN 
requires support for the design of the network 
[11]. In other words, it is essential that its design 
and development be based on an appropriate 
framework. Stead (2005) in this framework has 
referred to issues including governance, policies 
and network architecture [12]. Office of National 
Coordinator for Health Information Technology 
in the US (ONC) has also discussed the 
architecture of the network through NHIN 
documentations [13-14]. On international level, 
Health Metrics Network (HMN) and its partners 
have introduced a framework for National Health 
Information System (NHIS) development [15]The 
framework consists of three parts: (1) 




components, (2) principles and (3) the process of 
NHIS development and improvement. The 
components include: resources of NHIS, health 
indicators, health data sources, data management, 
production and use of healthcare information. The 
principles also refer to five principles in the 
development of NHIS and the process refers to 
the components implementation chart [15-19]. 
Since in the framework introduced by HMN, the 
process dimension is different in every country 
considering the health system of that country, and 
on the other hand, the health data sources refer to 
the overall architecture of NHIN, in this study, 
with regard to HMN and World Health 
Organization(WHO) documentations,[9,15-18] 
documentations of NHIN architecture in the 
US[13-14] and related articles[12], NHIN 
framework is introduced in three dimensions, 
including: components, principles and overall 
architecture of the network. In this paper, 
according to the dimensions outlined in the NHIN 
framework, the NHIN-related projects including 
NHIN (Nation-Wide Health Information 
Network) and NPfIT (National Programme for 
Information Technology in the NHS (National 
Health Service)) were reviewed in the US and the 
UK, respectively. The results of this study are 
expected to be of use for other countries, 
especially the developing countries.  
 
 BACKGROUND 
     The US and the UK are among the leading 
countries that have established projects in order to 
deal with the challenges of fragmentation of 
health information systems [20]. The most notable 
project has been the NHIN [21-23]. A background 
of these projects in the two countries is provided 
as follows.  
 National Health Information Network in the US 
     The history of the development of the NHIN in 
the US dates back to 1986, when the national 
biomedical computer network was developed by 
the National Library of Medicine [24]. Later, the 
concept of the National Health Information 
Infrastructure (NHII) was introduced, and in 2004, 
President George W. Bush issued the widespread 
use of Electronic Health Record, creating the 
Office of National Coordinator for Health 
Information Technology (ONC) in the 
Department of Health and Human Service (HHS) to 
manage the system [25-29]. In November 2004, 
ONC introduced the NHIN and released the 
Request for Information (RFI); and in June 2005, 
with the publication of the Request For Proposal 
(RFP) for NHIN architecture, signed contracts with 
Accenture, CSC (Computer Science Corporation), 
IBM (International Business Machine) and Northrop 
Grumman companies[13-14,28-33]. After collecting 
architectural prototypes, NHIN generally constituted 
of the following: Health Information Exchange 
Centers (HIEs), Regional Health Information 
Organizations (RHIOs), Health Information 
Service Providers (HSPs), participants and 
members with specific goals such as public health, 
quality assessment and health studies [13]. Finally, 
the overall architecture of NHIN was introduced 
as a network of nodes that were various types of 
health information organizations participating in 
information exchange through the NHIN gateway 
[14]. NHIN gateway launches NHIN technical 
specifications to each node so that it can support 
secure health information exchange on the NHIN 
level. The CONNECT application developed by 
the Federal Health Architecture (FHA) is a sample 
of NHIN gateway. Implementation of NHIN 
gateway in each node maintains their autonomy 
and enables them to communicate with each other 
while receiving NHIN specifications [14, 34-36]In 
September 2007, the Department of Health and 
Human Services signed a contract with nine health 
information exchange centers and a number of 
federal agencies in order to implement a pilot 
NHIN. The NHIN was scheduled to come into 
operation in 2010, so in early 2009, the federal and 
non-federal entities that had participated in NHIN 
experimental phase began to exchange information 
[27, 29, 32, 37].  By 2010, integration of local 
systems, RHIOs, HIEs, federal agencies, and other 
large health care systems such as Kaiser 
Permanente into a comprehensive system with 
prevalent standards, became the national health 
information architecture model for the United 
States. Based on this design, RHIOs were the main 
building blocks of the US government's efforts to 
exchange health information. Due to financial 
issues and problems related to the maintenance of 
these organizations, the benefits reached were not 
significant; consequently, according to the HITECH 
act (The Health Information Technology for Economic 
and Clinical Health), during Obama’s term, ONC did 




not finance regional health information 
organizations directly. Instead, through the 
regulation, ONC financed the States to develop 
comprehensive state-wide health information 
exchange programs. In some states, including Indiana 
and Delaware, RHIOs were continued, but in 
some, including California, state-wide health 
information exchange programs were introduced 
instead of RHIOs. Due to these changes, ONC in its 
2011-2015 Strategic Plan confirms the use of a 
web-based model in which there are different types 
of networks in a region for sharing health 
information. Some of these networks are hospital 
networks, group practice, companies providing 
EHR systems, local area networks such as RHIOs, 
companies providing medical, laboratory and drug 
equipment, and services [38-43]. It should be noted 
that joining NHIN, sharing and using data and 
information in this network requires the signing and 
verification of Data Use and Reciprocal Support 
Agreement (DURSA). DURSA is a comprehensive 
and reliable multilateral legal agreement that is 
based on a number of policy assumptions which can 
connect a variety of state and federal laws and 
policies to each other while supporting multilateral 
exchange of information through NHIN. This 
agreement plays an important role in security of 
information exchange, determining the levels of 
security, sending and monitoring of transactions as 
well as identifying and responding to invasive 
softwares (malwares). On the other hand, 
organizations that are involved in NHIN are 
responsible for the privacy and security of patients’ 
personal information. Signing DURSA further 
specifies the responsibilities of participating members 
in NHIN for data providing [14, 44].  ONC is the 
only federal entity that is responsible for 
coordinating national efforts in NHIN. This entity 
operates to achieve its mission using defined 
programs and structures, including: state-based 
cooperation plan for the electronic exchange of 
health information, development and training plans 
for human resources, coordination, policy and 
standards committees [27, 39-43]. NHIN Planning, 
monitoring NHIN policies and procedures are 
examples of responsibilities of the coordination 
committee. The technical committee (standard 
committee) is involved in NHIN specifications and 
testing approaches. Policy committee is also 
involved in providing suggestions to NHIN policies 
[45-46]. It should be noted that the National 
Committee on Vital and Health 
Statistics(NCVHS), has the role of the general 
advisory committee to HHS, the committee 
provides advice to the Minister of Health on 
national health information policies[47]. 
National Health Information Network in the UK   
     In 1998, the British government announced the 
national health information strategy for the NHS 
(National Health Service) titled “Information for 
Health". The plan was aimed to develop and 
operate EHR by 2005[48-51]. In June 2002, the 
Department of Health published a document titled 
"Providing the 21st century IT support for the 
NHS: National Strategic Plan". This document 
confirmed the importance of the objectives in the 
strategy of 1998, pointing out that for reasons 
such as financial issues, central government 
interference and poor network facilities, there is 
no possibility of developing EHR. The NHS 
authorities stressed that a fully centralized 
approach to the NHS information technology 
program is the only strategy to deal with these 
problems and obstacles. Therefore, in 2002, 
NPfIT was replaced with the Strategy of 1998 
[49, 51-52]Due to these changes, the agency 
NHS- CfH (NHS-Connecting for Health) was 
founded in April 2005 as part of the Department 
of Health in the UK. This agency replaced the 
previous administration entitled “NHS 
Information Authority”. Until 2009, the NPfIT 
had been managed by CfH and 10 strategic health 
authorities. On March 31, 2013 CfH was 
diminished and its projects and responsibilities 
were assigned to the new center entitled: "Health 
and Social Care Information Centre” (HSCIC) 
[51, 53-60]. Review of NPfIT documentations 
show that from January 2009, while some systems 
of this program were created, other key 
components were delayed for about 4 years. By 
2011, the majority of the program’s elements had 
been fully operational. The Summary Care 
Records (SCR) system was the only element with 
noticeable delay in a way that only about 10% of 
NHS organizations were ready to be used. Until 
March 31, 2011, only 8.5 million summary care 
records were created while 54 million SCR were 
expected to be created [61-66]. NPfIT is a 
program of the Department of Health, which aims 
to propel NHS towards the creation of centralized 




Electronic Health Record for patients as well as 
linking health care providers [49, 51-53]. In 
general, the structure and scope of this program is 
divided into three main sectors including the 
clusters and local service providers (LSPs), 
national systems and national service providers, 
and the N3 network. NPfIT divided The UK into 
five regions as clusters. For each cluster, it 
assigned LSPs to provide the systems needed on 
the local level. In addition to LSPs, National 
Application Service Providers (NASPs) were 
assigned responsibility for national systems [51, 
61-64]. National applications are known as “The 
Spine” [51]. The Spine is a set of eight 
applications that support National Care Record 
System (NCRS). Three of the applications keep 
Care Record data, four applications had security 
purposes, and the other is an instant messaging 
service that interface between the Spine and other 
systems, including choose and book, and 
electronic prescription [51,61,67].  The third 
sector of the NPfIT is the N3 network. The N3 is 
a private wide area network of NHS that connects 
all NHS sites, including hospitals and other non-
NHS sites that provide healthcare services [51, 
61, 68-70]. Members of the N3 generally include 
Community of Interest Networks (CoINs), 
gateways to other networks, and direct Members. 
CoINs have been developed for local NHS 
community. In 2013, more than 70 CoINs were 
connected to the N3 [69-74]. The N3 has a 
number of gateways to other networks. The 
important ones are Internet, pharmacy, JANET 
(joint academic network), NHS in Wales and 
Northern Ireland, and Government network 
gateways. There is a completely secure 
connection between the N3 and a series of other 
networks entitled "Government Secure intranet" 
(GSi). The government departments and local 
authorities are located in this intranet. These 
communications can improve information sharing  
between sectors that provide social and health 
care services [75-78]. Apart from CoINs and 
gateways connected to the N3, other users of the 
network include: acute, ambulance and care 
trusts, dentists, general practitioners, health 
system providers, hospice care centers, 
independent health care sector, local authorities, 
mental health trusts, national blood service, 
pharmacies, data centers, and health application 
providers [70-71, 73, 79]. The N3 contract was 
valid until March 2014, until the new network 
HSCN (Health and Social Care Network) 
replaced it [73-74, 80]. The department of health 
is supporting NPfIT. On a higher level, board of 
managerial departments in the Ministry of Health 
has the duty of managing this program, [56-60] 
while on lower levels, the leadership and 
ownership of the N3 network in England and 
Scotland belong to HSCIC and National Service 
Scotland (NSS), respectively [68-71]. The N3 
security is also supported through security 
protocols and local responsibility (data senders 
and receivers) [69, 71]. On the other hand, in 
order to use the systems and services of the 
HSCIC including the N3, all users and member 
organizations of the network must accept and sign 
the Information Governance Statement of 
Compliance (IGSoC) [81]. In other words, in data 
exchange and use, this statement plays a legal 
framework role [81]. 
 
RESULTS AND DISCUSSION 
 NHIN Framework in the US and the UK 
     A comparison of NHIN framework in countries 
under study is presented using tables and lists, in 
accordance with the framework dimensions. 
NHIN Components  
     NHIN components include leadership and 
coordination, information policies, financial and 
human resources, ICT (Information and 
Communication Technology), health indicators, 
health data sources, data management/information 
production, and ultimately the distribution and use 
of information [15-18]. Table 1 presents a 
comparison between these components in the 
















(NPfIT and the N3) 
 
Leadership and coordination 
ONC + Coordination Committee + federal 
advisory committees + National Committee 
on vital and health statistics + HIT strategic 
plan 
HSCIC + managerial Board of the Ministry 
of Health + strategy of HSCIC 
 
Information policies 
DURSA + federal and state laws related to 
Information security and privacy 




decentralized by: ONC, 
State-wide health information exchanges 
and RHIOs, 




Training human resources by university 
centers (with the guidance and financing of 
ONC) + certified exam by ONC 
Training human resources by: 





hardware Computers+ network equipments 
Computers + phone + mobile network 
equipments 
software 
NHIN gateway+ federal information 
systems + 
member’s Information Systems + Verified 
software 
N3  gateways + the national systems that 
have been launched at local level 
Communication 
infrastructure 
Internet private WAN + Internet 
 
Health Indicators 
National Health Indicators in National 
Center for Health Statistics  [82] 
national health Indicators portal in HSCIC 
[83] 
Health Data Sources 
As members of NHIN 
 




Locally + National Health  indicators Portal 
+ definition of minimum data set (MDS) 
 
Nationally and limited locally  + National 
Health  indicators Portal + definition of 




Multilaterally by DURSA agreement, used 
for different purposes (NHIN and member 
organizations) 
Multilaterally by the Information 
Governance Statement of Compliance 
(IGSoC)  and used for different purposes 
 
The Principles for Developing NHIN 
     NHIN design and development should be 
based on a set of basic principles including 
leadership and ownership, focusing on the needs, 
developing and building existing and already-in-
use structures, broad consensus and employment 
of a gradual approach. These are principles that 
are confirmed by more than a hundred ministers 
and senior officials of international agencies and 
organizations in the Paris Declaration on March 
2
nd
, 2005. The Comparison of these principles in 
the NHIN plan of the studied countries has been 
shown in Table 2.  
 






(NPfIT and the N3) 








Responding to country needs and 
demands 
 
Published requests for information, 
request for proposal for NHIN +  
NHIN Coordination Committee + 
compiling national strategic plan for 
HIT 
In NPfIT and its network (N3) partially has been 
focused to needs + compiling strategy for HSCIC 
Building upon existing initiatives 
and systems 
 
This principle has been fully 
respected (NHIN development as a 
network of networks, without 
replacing other systems) 
Because of the centralized view in NPfIT, this 
principle has not been observed. 
 Publication of Request for In NPfIT this principle is not visible. 




Building consensus and 
stakeholder involvement 
 
information + NHIN Coordination 
Committee 
Gradual process with a 
long-term vision 
 
This principle has been respected 
This principle has been partially met.(Substantial 
changes during the program) 
 
 National Health Information Network 
Architecture 
     Due to the different views on the so-called 
architecture and network architecture [14, 84-86], 
in this article, the NHIN architecture encompasses 
three dimensions including: (1) network 
members/nodes (2) interfaces (interactions 
between members), and (3) relationship with the 
environment (security and privacy). According to 
this definition, in network architecture, the 
constituents include sub-systems, interfaces and 
their relationship with the environment [14, 84-
86]. The NHIN sub-systems, in fact, will be the 
information systems of stakeholders. These 
systems, at any given point, will be at different 
stages of their life cycle. Therefore, for NHIN 
development and operation, we focus on the 
interfaces between different systems while they 
interact with each other, so that the participation 
in the NHIN would not be required to remove and 
replace the current systems [14]. Lists 1 and 2 
show architectural dimensions of the NHIN in the 
US and the UK, respectively. 
 
 
List1. architectural dimensions of the NHIN in the US 
Network  members/nodes 
Federal agencies (the most recent list includes 33 ministries, agencies and national organizations with their sub-centers) 
Health Information Exchanges) HIEs) 
Regional Health Information Organizations )RHIOs) 
Integrated Delivery Networks(IDN) 
Personal Health Record(PHR) 
Registries & Repositories 
Pharmacies  




Community health centers 
Insurance and Reimbursement System (s)  
State and local government 
State-wide Health Information Exchange Programs 
Interfaces 
NHIN gateway 
Relat ionship w ith  the  environment  
(Security and confidentiality) 
Autonomy and local responsibility 
Technical solutions 




List 2. architectural dimensions of NHIN (the N3) in the UK 
Network members/nodes 
 Community of Interest Networks (CoINs)) 
 Direct network members 
o Acute Trusts 
o Ambulance Trusts 
o Care Trust 
o Dentists 




o Basic Trust 
o Family Physicians 
o Providers, Health Systems and Software 
o Hospice healthcare Centers 
o Independent Healthcare Sector 
o Officials and Local Authorities 
o Mental Health Trusts 
o National Blood System 
o Systems of HSCIC 
o Insurance and Reimbursement System (S) 
o Primary Care Trusts 
o Special Health Authorizes  
 gateway to other networks 
o Internet Gateway 
o Mobile and phone network 
o pharmacy (pharmaceutical network) 
o Joint Academic Network(JANET) 
o Gateways to the NHS in Wales and Northern Ireland 
o Gateway to the government network, including government departments, local 
authorities and agencies 
Interfaces 
 Aggregators 
 Gateways  
 
Relationship with the environment  
(Security and confidentiality) 
   
 Local responsibility   
 Security protocols 
 Legal agreement (Information Governance Statement of Compliance (IGSoC)) 
 
The review and comparison of the NHIN 
framework in the US and the UK reveals some 
similarities and differences in different aspects of 
the framework. According to table 1, significant 
differences in the component aspect of the NHIN 
framework include some issues in leadership and 
coordination, software, and data management 
employed. In NPfIT, a coordination committee 
has not been established to take the comments of 
stakeholders [55]. However, in order to achieve 
success in Information Technology (IT) projects, 
the involvement of stakeholders is inevitable, 
especially in national-scale projects. Many studies 
have noted the role of stakeholders in the design 
and development of NHIN [87-90]. 
In the Information and Communication 
Technology (ICT) component, review of projects 
in studied countries shows significant difference 
in the software section. Design and installation of 
single national systems has not been taken into 
account in the approach employed by ONC. The 
aim has been to use the existing infrastructure and 
systems instead, [14] but in the HSCIC approach, 
the national systems have been defined which 
should have also been launched on local levels 
[51]. Given the perspective of HMN, building 
upon existing initiatives and systems is one of the 
most important principles in the NHIN 
development;therefore it seems that the NHS 
approach has not been correct in the design and 
implementation of national systems, nonetheless. 
Conducted studies also rule out the launching of a 
single national system. In this case, Stead (2005) 
states that given the challenges facing the NHIN 
including complex health care processes, variety 
of patients’ health data, biomedical knowledge 




and important aspects of NHIN, developing a 
single, massive and national system is not 
justified and cannot support the network's goals 
[12]. Data management is also affected by the use 
of national systems. Since national systems are 
used in the NPfIT, data management is 
centralized [51], while in America's NHIN 
project, this one is completely decentralized [14]. 
Considering the fact that the main purpose of data 
management is archiving data in a way that long-
term analysis and using them would be possible 
for different purposes- including analysis of 
disease patterns, quality evaluation of services, 
health policy making and finally promoting the 
health of the community and public [15]- health 
data are collected from various sources while each 
member of the network and local networks have 
special needs. Therefore, as it is best to manage 
data on the local level, and on the national level, 
designing Integrated Data Repository (IDR) is 
recommended. This approach will meet the local 
needs and on the national level will ensure data 
quality and their proper use. HMN also suggests 
integrated data repository for data processing at 
national level [15]. The communication 
infrastructures of the NHIN in the surveyed 
countries are somewhat different. In this case, 
compared with the US that uses internet as the 
main infrastructure of the NHIN project, [14] the 
UK uses the private Wide Area Network (WAN) 
using internet connection [69-71]. Several factors 
are involved in the communication infrastructure, 
from which at least two important things should 
to be noted: a) continuity of network connection 
and preventing its interruption, and b) security 
and privacy. Therefore, according to these vital 
factors, the use of private network in national 
intranet basis appears to be a good choice. This 
choice is very important, particularly in countries 
with permanent internet connection problem. 
According to Table 2, the comparison of the 
NHIN guiding principles in the NHIN projects of 
the studied countries suggests that almost all of 
these principles are considered in the US NHIN 
project. In the NHS NPfIT, with the exception of 
the first principle, determining country leadership 
and ownership, other principles were not 
respected or were considered incomplete. As 
discussed previously, due to the centralized view 
in NPfIT, in developing national systems with 
more focus on technology rather than the needs of 
the users, these four principles are disregarded. 
Similarly, Coiera (2009) indicated the weakness 
of NPfIT in his studies [91]. These guiding 
principles are also approved and accepted by 
more than one hundred health ministers, chiefs of 
international agencies and organizations [47, 92]. 
Because of the importance of these guiding 
principles, it is clear that the national health 
authorities of each country should consider them 
in the design and development of NHIN. The 
review of the NHIN Architecture (the third 
dimension of the framework) in the US and the 
UK indicates that the two countries have been 
performing similarly in the interface development 
and setting the security and confidentiality issue 
of NHIN. The only major difference lies in the 
architectural arrangement of the NHIN members 
or nodes. In other words, NHIN architecture in 
the US is formed by the connection of local 
networks including Health Information 
Exchanges (HIEs), Regional Health Information 
Organizations (RHIOs), integrated delivery 
networks, state-wide health information exchange 
programs, federal agencies and other health-
related organizations [14]. This type of 
architecture in the literature is called the bottom-
up approach [91,93], while in the UK, the 
architecture of the N3 network (related to NPfIT) 
is centralized, which means that the governance, 
systems development and network members or 
nodes have been defined centrally [51,71]. This 
approach is known as top-down approach [91, 
93]. The technological changes and the need for 
updating systems, compatibility of the systems 
with user and local needs, training of personnel 
and related costs are examples that are easier to 
carry out in the bottom-up approach. However, in 
the top-down approach, only in the case of 
technological changes, it is necessary to replace 
or update the entire systems with high costs. The 
cost of training personnel will be added as well. 
In contrast, the difficulty to align the local 
networks with the national goals is an example of 
the disadvantages of the bottom-up approach [21, 
91]. However, either of the approaches used in the 
NHIN architecture has both advantages and 
disadvantages. However, the important point is 
that choosing each approach depends on the 
structure and nature of the health system of a 




country [93]. While the health system is highly 
centralized in some countries, it is completely 
decentralized in the others. Certainly, the NHIN 
architecture will be somewhat different in these 
systems. Therefore, some studies propose Middle-
Out approach for NHIN architecture [88, 91, 93]. 
In this approach, the needs of health care 
providers, IT industry and the government are to 
be considered first, and then the shared goals are 
defined in the technical and non-technical aspects 
of the NHIN. Government takes over the 
leadership of the network and plays the role of a 
facilitator and the NHIN is formed by defining 
interoperability standards and connection of 
provincial (state) health information networks and 
other stakeholders’ networks [88,91,93]. The 
review of the NHIN framework in these two 
countries, however, collectively represents some 
important points that can be applied in many 
countries. There are several important lessons 
pointed out based on the results of this study, 
among which are the following of the NHIN 
guiding principles, determining a center at the 
national level (usually in the Ministry of Health) 
to lead efforts of the NHIN design and 
development and to cooperate with stakeholders 
and advisory bodies, compiling national health 
information technology strategic plan by 
considering NHIN, information policy making as 
the legal and organizational framework of the 
network, taking into account the human and 
financial resources, using ICT resources based on 
existing infrastructure, considering the needs of 
users and interested organizations, identifying the 
data sources and the combined health data 
management approach (local and national levels), 
and designing NHIN architecture by taking into 




     Ultimately, it could be stated that the 
development of the NHIN does not only mean the 
implementation of national system or systems, or 
the binding of local health information systems, 
but it also needs to build on a framework in which 
many of the issues related to the formation of the 
NHIN would be considered. The experiences of 
the countries, the US and the UK indicate that the 
design and development of this network should be 
done jointly through the cooperation among 
government, private sector and stakeholders with 
regard to local, national and international needs. 
 
FUNDING STATEMENTS 
     This paper is part of a Ph.D. thesis prepared at 
Shahid Beheshti University of Medical Sciences. 
 
 “The authors declare no conflict of interest” 
 
REFERENCES 
1.HIMSS. HIMSS guide to participating in a 
health information exchange. Available from: 
http://www.thielst.typepad.com/files/hie_guidewh
itepaper.pdf‎.(Accessed  8 Nov 2014). 
2.HHS. Get the facts about NHIN, direct project 
and connect software. Available from:   
www.healthit.gov/.../fact.../get-the-facts-about-
nationwide-hit-direct-project.pdf(Accessed 8 Nov 
2014). 
3.HHS-ONC. NHIN Exchange.  Available from: 
https://www.healthit.gov/sites/default/files/pdf/fac
t-sheets/nationwide-health-information-network-
exchange.pdf(Accessed 8 Nov 2014). 
4.HHS-ONC.NHIN and direct overview. 
Available from: www. 
docslide.us/.../nhindirectoverviewverddocx-nhin-
direct-overview.html (Accessed 8 Nov 2014). 
5.WHO-PAHO. Improving the structure and 
performance of national health information 
systems. Santiago: pan American health 
organization.2009. 
6.Bouhaddou O, Bennett J, Cromwell T, et al. 
The Department of Veterans Affairs, Department 
of Defense, and Kaiser Permanente Nationwide 
Health Information Network exchange in San 
Diego: patient selection, consent, and identity 
matching. AMIA Annu Symp Proc. 2011:135-43. 
7.Moghaddasi H.National health information 
network is the main target for medical 
informatics. Journal of paramedical sciences 
(JPS). Vol.1. No. 4. 2010:1.  
8.Hill J, Langvardt A, Massey A, Rinehart J. A 
proposed NHIN architecture and complementary 
federal preemption of state health information 
privacy laws. American Business Law Journal. 
48(3); 2011: 503-595. 




9.WHO. Issues in health information: National 




(Accessed 10 Oct 2014). 
10.Tsiknakis M, Katehakis DG, Orphanoudakis 
SC. An open, component – based information 
infrastructure for integrated health information 
networks. Int J Med Inform. 68(1-3); 2002:3-26. 
11.WHO. Country health information systems: a  
review of the current situation and trends. 
Geneva, WHO; 2011. 
12.Stead W,  Kelly B,  Kolodner R. Achievable 
Steps toward Building a National Health 
Information Infrastructure in the United States. J 
Am Med Inform Assoc. 2005 Mar-Apr; 12(2): 
113–120.  
13.HHS-ONC. Summary of the NHIN prototype 
Architecture Contracts.  Available from: 
https://www.healthit.gov/.../summary-report-on-
nhin-prototype-architectures- 1.pdf (Accessed 10 
Nov 2014). 




(Accessed 10 Nov 2014). 
15.WHO. Framework and standards for country 
health information systems. Second ed. Geneva, 
World Health Organization. 2008. Available 
from: 
www.who.int/healthmetrics/documents/hmn_fram
ework200803.pdf (Accessed 10 Oct 2014). 
16.WHO. Components of a strong health 
information system. Available from: 
www.who.int/healthmetrics/.../Components_of_a
_strong_HIS.pdf (Accessed 10 Oct 2014). 
17.WHO. The need for strong health information 
system. Available from: 
www.who.int/healthmetrics/tools/theneedforstron
g_his.pdf (Accessed 10 Oct 2014). 
18.WHO-HMN. The Health Systems Assessment 
Approach: A How-To Manual.  Module 7.  Health 
Information Systems. Available From: 
http://www.healthsystemassessment.com/wp-
content/uploads/2012/06/Section-3-Module-3-7-
_HSAA-Manual-August-20122.pdf (Accessed 10 
Oct 2014). 
19.HHS. Enterprise architecture and the health 
metrics network framework. Available from: 
http://1105govinfoevents.com/EA/Presentations/E
A09_2-3_Fitzpatrick-Perry.pdf(Accessed 10 Nov 
2014). 
20.“Towards Adopting Nationwide Health 
Information Network (NHIN): promises and 
challenges” (2008). AMCIS 2008 proceedings 
paper 68. Available from: 
http://aisel.aisnet.org/amcis2008/68(Accessed 10 
Nov 2014). 
21.Coiera E. Lessons from the NHS NPFIT. MJA 
186(1), 2007: 3-4. 
22.OECD. Strengthening Health Information 
Infrastructure for Health Care Quality 
Governance: Good Practices, New Opportunities 
and Data Privacy Protection Challenges. 
Available from: http://www.oecd.org/els/health-
systems/strengtheninghealthinformationinfrastruct
ure.htm (Accessed 15 Nov 2014). 
23.Jha AK, Doolan D, Grandt D, Scott T, Bates 
DW. The use of health information technology in 
seven nations. Int J Med Inform. 77(12); 
2008:848-54. 
24.Azizi gendezlou S. The Survey of National 
Health Information Infrastructure in United States 
of America and Its Feasibility Testing In Iran. 
MSc. Thesis. Paramedical school, Shahid 
Beheshti University of Medical Sciences. 2010.  
25.HHS-ONC. The decade of HIT: Delivering 
consumer- centric and information rich health 




rich_hc.pdf (Accessed 15 Nov 2014). 
26.US- GAO. HHS is taking steps to develop a 
national strategy. Available from: 
http://www.gao.gov/assets/250/246549.pdf(Acces
sed 15 Nov 2014). 
27.HHS. The Nationwide Health Information 
Network and CONNECT Overview. Available 
from:http://www.himss.org/files/HIMSSorg/conte
nt/files/HIE/NwHIN_NwHIN_CONNECT.pdf 
(Accessed  15 Nov 2014). 
28.HHS-ONC. Summary of Nationwide Health 
Information Network (NHIN) Request for  
Information (RFI) Responses. Available 
from:http://www.immregistries.org/resources/NH




IN_RFI_summaryreport1.pdf.  (Accessed 15 Nov 
2014). 
29.The Federal Register. NHIN: conditions for 
trusted exchange. Available from:  
https://www.federalregister.gov/.../nationwide-
health-information- network (Accessed 15 Nov 
2014). 
30.HHS-ONC. NHIN validation plan. Available 
from: 
https://www.healthit.gov/sites/.../nhin_interimvali
dationplan_20091217.pdf(Accessed  15 Nov  
2014). 
31.HHS. Frequently asked questions about NHII. 
Available from: 
http://aspe.hhs.gov/sp/nhii/index.html(Accessed 
15 Nov 2014). 
32.HHS-ONC. The ONC – Coordinated Federal 
HIT strategic plan: 2008-2012. Available from: 
https://www.healthit.gov/sites/.../hit-strategic-
plan-summary-508-2.pdf (Accessed 15 Nov 
2014). 
33.National e-health collaborative. Health 
information exchange roadmap. Available from: 
www.himss.org/ResourceLibrary/TopicList.aspx?
MetaDataID=2846 (Accessed 8 Nov 2014). 




15 Nov 2014). 
35.ONC.FHA. Available 
from:http://www.healthit.gov/policy-researchers-
implementers/federal-partners(Accessed  15 Nov 
2014). 
36.ONC. The connect open source solution: A 
Gateway to the NHIN. Available from: 
http://www.healthit.gov/sites/default/files/hie-
interoperability/connect-data-sheet.pdf (Accessed 
15 Nov 2014). 
37HHS-ONC. Federal HIT strategic plan progress 
report. Available from: 
www.healthit.gov/.../federal-health-it-strategic-
plan-progress-report-0613. 
paper_version.v2.pdf(Accessed 20 Nov 2014). 
38.Protti D. US RHIOs and the NHIN: Any 
lessons for Canadians? Healthcare Quarterly 
vol.11 no.2, 2008: 96-101  
39.HHS-ONC. Federal HIT strategic plan: 2011-
2015. Available from: 
https://www.healthit.gov/.../final-federal-health-
it-strategic-plan-0911.pdf (Accessed 20 Nov 
2014). 
40.HHS-ONC. Federal HIT strategic plan: 2015-
2020. Available from: 
www.healthit.gov/sites/.../federal-healthIT-
strategic-plan-2014.pdf (Accessed 20 Nov 2014). 
41.Lenert L, sundwall D, Edward lenert M. Shifts 
in the architecture of the NHIN. J Am Med- 
Inform Assoc. 2012, 19: 498-502. 
42.Blumenthal D. launching HITECH. N ENGL J  
MED, 362; 5, 2010: 382-385.  
43.Blumenthal D. Implementation of the Federal 
Health Information Technology Initiative. N 
ENGL J MED, 365; 25, 2011: 2426-2431.  
44.Health affairs. Understanding NHIN and 
DURSA 2010 data protection seminar. Available 
from: 
https://www.healthit.gov/sites/default/files/server.
pt.ppt (Accessed 20 Nov 2014). 
45.HHS-ONC.NHIN coordinating committee. 
Available from: 
https://www.healthit.gov/.../nhincc_monthlycallm
eetingnotes_102110.pdf (Accessed 20 Nov 2014). 
46.HHS-ONC. Federal advisory committees. 
Available from: https://www.healthit.gov/facas/ 
(Accessed 20 Nov 2014). 
47.NCVHS. Information for health: a strategy for 
building the NHII.2001. Available from: 
www.aspe.hhs.gov/sp/nhii/documents/NHIIRepor
t2001(Accessed  8 Nov 2014). 
48.DH. Information for Health: An Information 
Strategy for the Modern NHS 1998-2005. 124 
pages. Available from: 
http://webarchive.nationalarchives.gov.uk/200709
05123551/http://www.dh.gov.uk/assetRoot/04/01/
44/69/04014469.pdf(Accessed  8 Nov 2014) 
49.National IT Strategic in Denmark, England 
and Canada. [Cited 2014 Dec 18]. Available from 
:https://www.socialstyrelsen.se/.../2009-126-
152_2009126152.pdf (Accessed  8 Dec 2014) 
50.Campion-Awwad O, Hayton A, Smith L and 
Vuaran M.The National Programme for IT in the 
NHS: A Case History.  Available from: 
http://www.cl.cam.ac.uk/~rja14/Papers/npfit-
mpp-2014-case-history.pdf(Accessed  8 Dec 
2014) 
51.NHS-CfH. A guide for The National  
Programme for IT. Available from: 
http://www.providersedge.com/ehdocs/ehr_article





ormation_Technology.pdf(Accessed  8 Dec 2014) 
52.Department of Health. Delivering 21st Century 
IT support for the NHS-National Strategic 




y_IT.pdf(Accessed 8 Dec 2014). 
53.NHS. NHS connecting for health service 
implementation. Available from: 
www.connectingforhealth.nhs.uk/implementation 
(Accessed 15 Dec 2014). 
54.House of Commons. Committee of Public 
Accounts. The NPfIT in the NHS – twentieth 




55.House of Commons. Committee of Public 
Accounts. NPfIT in the NHS: progress since 




56.NHS. NHS connecting for Health. How we 
started? Available from: 
http://webarchive.nationalarchives.gov.uk/201305
02102046/http://www.connectingforhealth.nhs.uk
/about/history/index_html(Accessed 15 Dec 
2014). 
57.NPfIT to go local by August.  Available from: 
www.Zdnet.co.uk(Accessed 15 Dec 2014) 




who/topteam(Accessed 15 Dec 2014). 
59.NHS Connecting for Health: process capacity 
Appraisal. Available from: 
http://www.nao.org.uk/wp-
content/uploads/2006/06/05061173_Qinetiq.pdf(
Accessed 15 Dec 2014). 
60Wikipedia. NHS Connecting for Health. 
Available from: 
http://en.wikipedia.org/wiki/NHS_Connecting_fo
r_Health(Accessed 15 Dec 2014). 
61.National Audit Office. NPfIT in the NHS an 
update on the delivery of Detailed Care Records 
systems. Available from: 
http://www.nao.org.uk/wp-
content/uploads/2011/05/1012888.pdf(Accessed 
20 Dec 2014). 
62.House of Commons. Committee of Public 
Accounts. The National Programme for IT in the 
NHS: an update on the delivery of detailed care 
records systems: Forty-fifth Report of Session 
2010–12. Available from:  
http://www.publications.parliament.uk/pa/cm201
012/cmselect/cmpubacc/1070/1070.pdf(Accessed 
20 Dec 2014). 
63.National audit office. Department of Health: 
The National Programme for IT in the NHS. 
Session 2005 – 2006. Available from: 
http://www.nao.org.uk/wp-
content/uploads/2006/06/05061173.pdf (Accessed 
20 Dec 2014). 
64.National Audit Office. NPfIT in the NHS: 




2006/(Accessed 8 Dec 2014). 
65.National Audit Office. The NPfIT in the NHS 
Project Progress Reports. Session 2007 – 2008. 
Available from: www.nao.org.uk/wp-
content/uploads/2008/05/0708484i.pdf (Accessed 
20 Dec 2014). 
66.HSCIC. HSCIC Annual Report and Accounts 
2013/2014. Available from: 
https://www.gov.uk/government/publications/hsci
c-annual-report-and-accounts-2013-to-
2014(Accessed 25 Dec 2014). 
67.The Spine, an English national programme. 
Available from: 
http://www.ringholm.com/docs/00970_en.htm(Ac
cessed 25 Dec 2014). 
68.HSCIC. A strategy for the Health and Social 
Care Information Centre 2013-2015.  Available 
from: 
https://www.gov.uk/government/publications/hsci
c-strategy-2013-15(Accessed 25 Dec 2014). 
69.NHS. N3 Network User guide. Available 
from:  
http://n3.nhs.uk/files/documents/N3_Network_Us
er_Guide.pdf(Accessed 28 Dec 2014). 
70.NHS-CfH. PSN for Health Blueprint. 2012. 
FINAL v1. Available from: 
https://www.yumpu.com/en/document/view/3351
7458/psn-for-health-blueprint-vision-amp-





28 Dec 2014). 
71.NHS.N3 Network Overview. Available from: 
http://n3.nhs.uk/technicalinformation/n3networko
verview.cfm (Accessed  28 Dec 2014) 
72.DH. Shaping the future of the National 
Network for Health and Social Care (N3 to N4). 
Available from: n3.nhs.uk/.../ 
GetinvolvedinshapingthenewN4serviceMessagefr 
omtheN4projecttea (Accessed 28 Dec 2014). 
73.DH-NHS. N4 design options. 2012-2013. 
Available from: 
https://community.jisc.ac.uk/system/files/515/N3
%20to%20N4%20transition.pdf (Accessed 28 
Dec 2014). 




3229kb-nhs-/9 (Accessed 28 Dec 2014). 
75.Cabinet Office. PSN. Available from: 
https://www.gov.uk/government/groups/public-
services-network  (Accessed  30 Dec 2014) 
76.Cable and wireless. A quick guide to the GSi 






GuideV2.pdf/at_download/file(Accessed  30 Dec 
2014). 
77.Government Connect. What is GCSX? 
Available from: www.ait-pg.co.uk/wp-
content/uploads/.../What-Is-GCSX-2010.pdf 
(Accessed 30 Dec 2014). 
78.Deslock. GSi: the UK government secure 
intranet.  Available from: 
download.deslock.com/download/docs/complianc
e/GSi_Guide.pdf (Accessed 30 Dec 2014). 
79.NHS. N4 Progress Presentation –N3 User 
group. Available from: 
http://www.connectingforhealth.nhs.uk/systemsan
dservices/n3/n4 (Accessed 30 Dec 2014). 
80.HSCIC.Frequently asked questions about 
HSCN. Available from: 
http://systems.hscic.gov.uk/hscn/faqs (Accessed 
15 Mar 2015). 
81.NHS. IGSoC. Available from: 
http://systems.hscic.gov.uk/infogov/igsoc 
(Accessed  30 Dec 2014) 




83.HSCIC. Indicator Portal.  Available from:  
 
http://www.hscic.gov.uk/indicatorportal  
 (Accessed 30 Dec 2014). 
84.ISO. Defining architecture 42010. Available 
from: http://www.iso-architecture.org/ieee-
1471/defining-architecture.html (Accessed 20 
Nov 2014). 
85.Khosrow-Pour M, editor. Encyclopedia of 
information science and technology. 2nd ed. 
Information science reference. New York, 2009.  
86.Edward Marcinko D, editor-in-chief, Hope 
Rachel Hetico, managing editor. Dictionary of 
health information technology and security. 
Springer Publishing Company. New York. 2007.  
87.Detmer D.E. Building the NHIN for personal 
health, health care services, public health, and 
research. BMC medical informatics and decision 
making. 3(1); 2003: 1-12. 
88.Moghaddasi H, Hosseini A, Asadi F, Ganjali 
R. Infrastructures of the system for developing 
electronic health record. Journal of paramedical 
sciences (JPS). Vol. 2, no. 2, 2011: 48-55.  
89.Asadi F, Moghaddasi H, Hosseini A, Azizi 
Gondozlu S. Feasibility of Implementing National 
Health Information Infrastructure in Iran, 2009. 
Health Information Management 2012; 9(5): 631-
640. 
90. Yasnoff W.A,  Humphreys B.L, Overhage 
M.J,  Detmer D.E,  Brennan P, et al. A Consensus 
Action Agenda for Achieving the National Health 
Information Infrastructure. J Am Med Inform 
Assoc. 2004 Jul-Aug; 11(4): 332–338. 
91.Coiera E. Building a national health IT system 
from the middle out. J Am Med Inform 
Assoc.2009; vol 16, no 3: 271-273.  
92.Staines A, Lyons S, Doyle S. Health 









93.Mudaly TH, moodley D, pillay A, seebregts J 
CH. Architectural frameworks for developing 
national health information systems in low and 




D6690083(Accessed  20 Nov 2014). 
 
